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Tuesday, February 10, 2014 399aquantitatively probe PKR dimerization upon binding to RNA. The fluorescence
anisotropy of a probe placed near the kinase dimer interface decreases upon
PKR binding to an activating 40 bp dsRNA due to depolarization induced by
homo-FRET. Thus, the kinase domains form a dimer when two PKRmonomers
bind to this dsRNA. Surprisingly, several non-activating dsRNAs also induce
dimerization, suggesting that PKR dimerization is necessary but not sufficient
for activation.
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Human immunodeficiency virus type 1 (HIV-1) Viral protein R (Vpr) is pack-
aged into virions (~200 molecules) and is essential for viral replication. While
several in vivo functions have been attributed to Vpr, one primary function is
believed to be transport of the HIV-1 pre-integration complex into the nucleus.
Because the nuclear pore diameter is approximately 25 nm, the DNA must be
highly compact in order to enter the nucleus. To understand the mechanism by
which Vpr may facilitate this nuclear transport, we combine single molecule
stretching and atomic force microscopy (AFM). We measure the DNA binding
affinity of Vpr for the first time. We then investigate the ability of Vpr to both
bind and compact DNA. To do this, we hold DNA at low force for fixed times,
allowing it to form loops and other compact structures. We find that the time-
scale required for the formation of large loops due to protein-DNA bridging is
several minutes. In contrast, by holding the DNA molecule at a constant force
of 15 pN and measuring its length change, Vpr can also actively compact DNA
on the timescale of tens of seconds (155 2 s), representing a different compac-
tion process involving DNA shortening likely due to Vpr binding alone. The
persistence length determined from AFM at a low concentration is much longer
than that of bare DNA, suggesting that Vpr forms shorter but more rigid struc-
tures upon binding DNA. AFM images also demonstrate DNA bridging be-
tween strands, consistent with the looping observed in optical tweezers
experiments. These results support a model in which Vpr translocates the viral
DNA into the nucleus by forming compact structures mediated by protein-DNA
and protein-protein interactions.
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Bacteriophage T4-coded gene 32 protein (gp32) is an essential component of
the T4 DNA replication, recombination, and repair systems. Gp32 is a
single-stranded DNA binding protein that binds cooperatively to single-
stranded (ss) DNA templates exposed by the function of the T4 primosome
helicase, and configures these templates for efficient use by the replisome.
To this end gp32 binding helps melt out transiently formed ssDNA secondary
structures, protects exposed ssDNA sequences from nucleases, and helps to
integrate the functions of the other components of the replication complex. It
has been well studied by bulk biochemical methods for about 40 years. How-
ever, many aspects of the detailed mechanisms – and especially the dynamics
– of the interactions of gp32 with both double-stranded (ds) and single-stranded
DNA are still not well studied or well understood.
We have used single-molecule Fo¨rster Resonance Energy Transfer (sm-FRET)
methods to monitor the cooperative and non-cooperative binding of gp32 to the
ssDNA sequences of model DNA replication forks, and have shown that the
observed binding dynamics depend significantly on gp32 concentration, salt
concentration and ssDNA segment length. Upon addition of 1 mM concentra-
tions of gp32 into a sample chamber containing tethered single molecule repli-
cation fork constructs, we observed the appearance of ‘repetitive FRET
fluctuations’ of the individual DNA molecules (>70% of the molecules per im-
aging area) on a 100 ms timescale. We noted also that these repetitive FRET
fluctuations were substantially less prominent under the conditions of tight
and fully cooperative gp32 protein binding. We have used ensemble and
single-molecule fluorescence approaches to probe the dynamics of these
gp32-ssDNA interactions in detail, and will discuss possible molecular inter-pretations of these smFRET fluctuations in terms of potential reaction interme-
diates and association-dissociation pathways in real time.
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DNA methylation plays a major role in organismal development and the regu-
lation of gene expression. Methylation of cytosine bases and its cellular roles in
eukaryotes are well established, as well as methylation of adenine bases in bac-
terial genomes. Here, we present results from molecular dynamics simulations,
alchemical free energy perturbation, and MM-PBSA calculations to explain
the specificity of the R.DpnI enzyme for binding to adenine-methylated
DNA in both its catalytic and winged-helix domains. We find that adenine-
methylated DNA binds more favorably to the catalytic subunit of R.DpnI
(4 kcal/mol) and to the winged-helix domain (1.6 kcal/mol) than unmethy-
lated DNA.
In particular, N6-adenine methylation is found to enthalpically stabilize bind-
ing to R.DpnI. In contrast, C5-cytosine methylation stabilizes binding to the
MBD domain of the MeCP2 entropically with almost no difference in binding
enthalpy.
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The control of gene expression sometimes entails the folding of DNA into
looped structures mediated by the binding of protein. Although the literature
abounds with examples of single DNA loops induced by the attachment of
sequentially distant genetic elements on a common protein core, recent studies
have demonstrated the occurrence of multiple loops formed by three or more
remote, protein-anchored sites. For example, the Escherichia coli Gal repressor
has the ability to form oligomeric structures leading to higher-order helical pro-
tein pathways that can secure multiple chromosomal connections. Moreover,
several novel experimental investigations have highlighted the role of bridging
proteins, such as the macrodomain Ter protein (MatP) and the histone-like
structuring protein (H-NS), in chromosome condensation and organization.
These proteins are thought to be able to bridge distant DNA sites and to partic-
ipate in the folding of the bacterial genome. We are examining the entangle-
ment of DNA loops that attach to such proteins with the help of a novel
energy minimization method associated with traditional Monte Carlo ap-
proaches. We focus on the multiple loops that can be induced by oligomeric
Gal assemblies and report the relevant energy landscapes and topological
and statistical properties as functions of the number of Gal repressors and the
chain lengths of the different loops. In addition, we take advantage of the
fact that our optimization method accounts for the presence along DNA of
bound ligands to reveal how the binding of architectural proteins (e.g., the Es-
cherichia coli histone-like HU protein) can ease or suppress the formation of
such loops. Finally, we examine the influence of MatP and H-NS on the confor-
mation and fluctuations of DNA minicircles to understand how these proteins
may contribute towards the formation of topological domains.
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Various helicases and single-stranded DNA (ssDNA) binding proteins are
known to destabilize G-quadruplex (GQ) structures, which otherwise result
in genomic instability. Bulk biochemical studies have shown that Bloom heli-
case (BLM) unfolds both intermolecular and intramolecular GQ in the presence
of ATP. Using single molecule FRET, we show that binding of BLM to ssDNA
in the vicinity of an intramolecular GQ leads to unfolding of the GQ in the
absence of ATP. We show that the efficiency of BLM-mediated GQ unfolding
correlates with the binding stability of BLM to ssDNA overhang, as modulated
by the nucleotide state, ionic conditions, overhang length, and overhang direc-
tionality. A related proteinWRN showed similar activity to BLM. These results
are surprisingly similar to those we observed on interactions of ssDNA binding
protein Replication Protein A with GQ, which also does not require ATP or
enzymatic activity to unfold GQ. These similarities point out to common fea-
tures of GQ destabilization mechanisms of helicases and ssDNA binding
